Purpose: Management of acute type A aortic dissection (AAAD) is challenging and operative strategies are varied. We used the STS Adult Cardiac Surgery Database (STS ACSD) to describe contemporary surgical strategies and outcomes for AAAD. Results: In this cohort, median age was 60 years old, 66% were male, and 80% had hypertension. The most common arterial cannulation strategies included femoral (36%), axillary (27%), and direct aortic (19%). The median perfusion and cross-clamp times were 181 and 102 min, respectively. The lowest temperature on bypass showed significant variation. Hypothermic circulatory arrest (HCA) was used in 78% of cases.
| INTRODUCTION
Acute type A aortic dissection (AAAD) remains a highly lethal disease. Without surgical therapy, mortality exceeds 50% at 30 days. 1, 2 Despite significant improvements in intra-operative management and post-surgical critical care, mortality, and morbidity rate still remain high, with reported mortality rates of 25% or more in several large series. 3, 4 There are currently no prospective randomized data to guide surgical strategies for AAAD. Key areas of uncertainty include choice of arterial cannulation site, temperature management on cardiopulmonary bypass, and strategies for brain protection during deep hypothermic circulatory arrest (HCA). We utilized the Society of Thoracic Surgeons Adult Cardiac Surgery Database (STS ACSD) to examine current patient characteristics, predictors and outcomes for AAAD, and describe contemporary surgical management strategies in North America.
| MATERIALS AND METHODS

| Datasource
The Society for Thoracic Surgeons National Adult Cardiac Surgery Database (STS ACSD) is the largest registry for heart surgery in the world and includes data from more than 1000 participants, representing more than 90% of all cardiac surgery centers in the United States (http://www.sts.org/national-database). Perioperative, operative, and outcomes data are collected on patients at participating centers. The data form version 2.73 was used to collect the information included in this analysis. For details of specific definitions, please refer to https://www.sts.org/sites/ default/files/documents/STSAdultCVDataSpecificationsV2_73w ithcorrection.pdf.
| Study population
A total of 4262 patients underwent surgery for aortic dissection between July 2011 and September 2012. After excluding for prior percutaneous intervention and/or cardiac surgery, 2982 AAAD patients from 640 sites nationwide were examined in this study ( Figure 1 ).
| Statistical analysis
Categorical variables are summarized with frequency counts and percentages whereas continuous variables are summarized with median, mean, standard deviation, and interquartile range (IQR).
Regression models were used to evaluate any association between the well-known risk factors and operative mortality. Logistic regression, accounting for within-hospital clustering of patients (GEE), was used to compute both the unadjusted and adjusted odds ratio for operative mortality to account for the hospital clustering of 3 | RESULTS
| Patient characteristics
Demographics and baseline clinical characteristics are shown in Table 1 .
The median time from hospital arrival to operating room entry was 2.6 (IQR 1.1-6.1) h, and 79% of patients underwent operation within 24 h of arrival ( Figure 2 ). Cardiogenic shock was present in 16% 
| Operative characteristics
Operative characteristics are shown in Table 2 . Overall procedure times (median 5.8 h), and perfusion times (median 181 min) were long.
The median cross-clamp time was 102 min. There was significant variation in the lowest temperature on bypass, with a median lowest temperature of 20°C (IQR 18-25) ( Figures 3A and 3B ).
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The arterial cannulation strategy used for AAAD repair is presented in Figure 4 . While the STS ACSD is limited in the granularity of reporting of operative strategies, the results reported here suggest that among patients undergoing AAAD repair, a CVA, cerebrovascular accident; CVD, cerebrovascular disease; IABP, Intra-aortic balloon pump; NYHA, New York Heart Association; MI, myocardial infarction.
FIGURE 2
Interval from hospital admission to operation strategy of initial femoral cannulation was most commonly utilized, with axillary cannulation being the second most common approach.
| Circulatory arrest
Circulatory arrest was not used in 21% of cases. Among the remaining 
| Procedures performed
Concomitant CABG was performed in 14% of cases, and an aortic valve procedure in 53% of cases. Among those patients having aortic valve procedures, the following were performed: (1) root reconstruction with valved conduit (root replacement): 25.6%; (2) aortic valve resuspension: 54%; (3) isolated aortic valve replacement: 13%; (4) valve-sparing root replacement: 2.6%.
Endovascular procedures were performed in 2% of cases.
| Blood product utilization
As expected, blood product utilization was substantial in this population. Total blood product requirement (intra-and postoperatively) included a median of 5 (IQR 2-9) units of packed red The patients with other types of concomitant procedure were also more likely to have higher mortality/morbidity (P < 0.0001; 76.1%
| Post-operative outcomes
with concomitant procedures versus 63.5% without concomitant procedures).
| Risk factors associated with mortality
Multivariable logistic regression analysis yielded the following significant pre-operative risk factors associated with mortality: resuscitation prior to surgery, unresponsive neurologic state within 24 h of surgery, age >70, cardiogenic shock, diabetes, inotrope use, female sex (Table 4 ).
| Disposition
Most patients (60%) were discharged to home, followed by discharge to an extended care facility (30%). A small number of patients were discharged to nursing homes (3.7%), other hospitals (4%), or hospice (1%). 
| DISCUSSION
This study represents a comprehensive and contemporary review of patient characteristics, operative management, and outcomes of patients with AAAD in North America. Key findings include a mortality rate of 17%, a stroke rate of 11%, and large variations in operative approaches with significant differences in cannulation strategy, cerebral protection strategy, and temperature management. In addition, only a few centers have significant experience with AAAD.
The overall mortality in this report of 17% is lower than the IRAD experience of 25% 3 and the National Inpatient Sample analysis of 26%. 4 However, the lower mortality rate could also be due to the exclusion of re-operative patients from this analysis. Mortality in the German
Registry for Acute Aortic Dissection Type A (GERAADA) was similar at 20%. 6 In contrast, single-center series have reported mortality rates of 2.8% to 9%. [7] [8] [9] This discrepancy in outcomes between large registries and single-center series suggests opportunities for improvement in outcomes if best practices are identified and implemented.
This study highlights a remarkably large variation in practice and techniques used to treat AAAD in North America. The site used for arterial inflow was most commonly the femoral artery, with a substantial number of cases reporting axillary and direct aortic cannulation. Femoral cannulation enables rapid institution of cardiopulmonary bypass and has a long history of use in AAAD. However, this is in contrast to the Europeans where only 25% cannulate the femoral artery, 10 and the Canadians where only 17% cannulate the femoral artery. 11 Femoral cannulation can cause extension of dissection into the iliofemoral vasculature, which can lead to pressurization of the false lumen and malperfusion at the onset of cardiopulmonary bypass. 12 There is some evidence that femoral cannulation is associated with increased embolic events, 13, 14 although other studies have shown that there is no difference in stroke risk with femoral cannulation. 15, 16 Axillary artery cannulation has more recently gained popularity as a cannulation site for aortic and arch surgery. [17] [18] [19] [20] This is especially so in Europe and Canada. 10, 11 It simplifies antegrade cerebral perfusion during systemic circulatory arrest. There is some evidence that axillary artery cannulation improves outcomes for AAAD. 20, 21 Other groups have proposed that direct aortic cannulation can be safe. [22] [23] [24] Other potential sites of cannulation include the left ventricular apex, innominate artery, 25 and carotid artery. However, the utilization of these approaches was unable to be determined in this study.
Perfusion management in this study was strikingly heterogeneous.
Utilization of circulatory arrest in operations for AAAD is common as it allows for examination of the aortic arch for tears and a more complete resection of diseased ascending aorta. However, 22% of cases in this study were not performed under circulatory arrest. Among patients undergoing operation with hypothermic circulatory arrest, cerebral perfusion strategies varied greatly with upwards of 40% without any adjunctive cerebral perfusion during the period of circulatory arrest compared with only 29% in the GERAADA registry and 18% in the Canadian survey. 10, 11 A large retrospective study from GERAADA found that for circulatory arrest times less than 30 min, hypothermic circulatory arrest alone compared with antegrade cerebral perfusion yielded similar results.
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Among those with adjunctive cerebral perfusion in this study, slightly more had antegrade cerebral perfusion (44%) as compared to retrograde cerebral perfusion. This is in contrast to the Europeans where 69% had antegrade cerebral perfusion and the Canadians where 72% had antegrade cerebral perfusion. 10, 11 There is growing evidence to suggest that antegrade cerebral perfusion is associated with better long-term survival. 15, 27 Others have reported use of combined antegrade and retrograde cerebral perfusion with good results as well. 28 However, the necessity for and optimal route of cerebral perfusion is still controversial.
The minimum temperature achieved during circulatory arrest also varied greatly. Lansman et al and Griepp et al popularized profound hypothermia for organ protection during aortic arch surgery. 29, 30 There is emerging evidence to suggest that mild to moderate hypothermia is comparable to deep hypothermia in terms of Stroke remains a devastating complication after AAAD repair and is a major cause of mortality. The rate of 11% in this report is similar to other large studies of AAAD despite significant differences in cerebral perfusion strategies. This is considerably higher than most other cardiac surgical procedures. Cerebral protection via antegrade or retrograde cerebral perfusion has been shown to decrease neurologic complications in surgery involving the aortic arch. 34 However, in this study, cerebral perfusion was not correlated with lower neurologic injury.
Out of more than 1000 centers participating in STS ACSD, only 640 centers reported more than one case during the study period.
Among those centers with experience in the treatment of AAAD, the majority performs fewer than three cases a year. This case distribution implies that few surgeons (and few centers) are able to accumulate substantial experience with the treatment of these complicated cases.
There is a correlation between hospital experience and lower mortality. However, it is still unclear whether individual surgeon experience, rather than hospital experience, affects mortality.
| Limitations
The STS ACSD collects limited data regarding aortic surgery and aortic dissection and the exact type and extent of procedure performed cannot be determined based on the current data elements. Several important pre-operative clinical factors that affect outcomes such as malperfusion are not collected in this database. There is also no information regarding a patient's family or genetic history. Another major limitation is the lack of information on patients undergoing nonoperative management as the STS ACSD is a surgical database. Finally, multivariable logistic regression analysis for operative mortality was only performed using available pre-operative risk factors.
| CONCLUSIONS
Acute type A aortic dissection remains a highly lethal and morbid condition. Surgery to treat the disease is a relatively uncommon procedure with only about 3000 cases per year in North America and individual center and surgeon experience is limited. There are large variations in surgical practice, particularly with regards to temperature management on cardiopulmonary bypass, approach to brain protection, and arterial cannulation strategy. Future studies should examine intra-operative characteristics that might affect outcome including type of cannulation, lowest temperature on cardiopulmonary bypass, type of cerebral perfusion, and management of the aortic arch. Large multicenter trials will be required to definitively answer these important questions. Given the high mortality and morbidity of surgical treatment of AAAD and current heterogeneous treatment strategies, these trials are imperative.
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